I
t is estimated that 8.1% of all working-age adults, 18 to 64 years old, have diabetes (American Diabetes Association [ADA], 2008; Centers for Disease Control and Prevention [CDC], 2011) . In 2007, the total estimated cost of diabetes in the United States was $174 billion, including $116 billion in health care expenditures and $58 billion in reduced productivity (ADA, 2008) . Indirect employment costs associated with diabetes annually result from absenteeism ($2.6 billion) and decreased productivity at work ($20.0 billion) (ADA, 2008) .
Work limitations are functional limitations (i.e., physical, mental/interpersonal, time, and output) within the work context resulting from chronic illness producing a restricted ability to perform work roles and potentially leading to permanent work disability and work loss (Lerner, Reed, Massarotti, Wester, & Burke, 2002) . Work limitations related to chronic illness in general and diabetes specifically are not well studied.
ReseaRch abstRact
The objective of this study was to determine the prevalence of work limitations and their relationship to morbidity burden among academic health center employees with diabetes. Employees with diabetes were surveyed via Internet and mail using the Work Limitations Questionnaire. Morbidity burden was measured using the Adjusted Clinical Groups methodology. Seventy-two percent of the employees with diabetes had a work limitation. Adjusted odds ratios for overall, physical, time, and output limitations were 1.81, 2.27, 2.13, and 2.14, respectively. Morbidity burden level is an indicator of work limitations in employees with diabetes and can be used to identify employees who may benefit from specialized services aimed at addressing their work limitations associated with diabetes.
tations. This study is important because a wide continuum of morbidity burden exists among workers with diabetes and up to 33% of workers with diabetes may not fall into any high morbidity risk category at all (Johnson & Maddigan, 2004; Maddigan, Feeny, Majumdar, Farris, & Johnson, 2006a , 2006b Maddigan, Majumdar, Toth, Feeny, & Johnson, 2003; Rosenzweig, Weinger, Poirier-Solomon, & Rushton, 2002) . Those with diabetes and low morbidity may be less likely to have work limitations and therefore may not have the same needs for intervention as those with high morbidity. Knowing the relationship between work limitations and morbidity burden could result in easier identification of employees who could potentially benefit from health programs.
Additionally, the populations in which work limitations in diabetes have been studied have largely been limited to random household surveys and employees in call centers, fitness centers, government, transportation, and manufacturing (Kessler, Greenberg, Mickelson, Meneades, & Wang, 2001; Lavigne, Phelps, Mushlin, & Lednar, 2003; Munir et al., 2005 Munir et al., , 2007 Tunceli et al., 2005; VonKorff et al., 2005; Wang et al., 2003) . Some studies have determined that health care workers may not engage in recommended health promotion and prevention activities and that they are more likely to have risk factors that contribute to higher morbidity (Fronteira & Ferrinho, 2011; Shahar et al., 2009) . Therefore, it is important to understand the prevalence and extent of work limitations in an employed academic health center population.
The purpose of this study was to explore work limitations and the extent to which they are related to morbidity burden among academic health center employees with diabetes. The specific aims were to (1) determine the prevalence and level of work, time, mental/interpersonal, physical, and output limitations; and (2) examine the link between morbidity burden and work, time, mental/interpersonal, physical, and output limitations.
METHODS
This study used a cross-sectional design. Employees were identified through administrative health care claims data and surveyed via the Internet regarding their experience with work limitations during the most recent 2-week period using the Work Limitations Questionnaire (WLQ). The administrative health care claims data from these same employees were processed using the Adjusted Clinical Groups (ACG) methodology, which assigned morbidity and diagnosis variables. Demographic information was obtained from health plan administrative data.
The WLQ measures the degree to which health issues interfere with specific aspects of job performance and the impact of these work limitations on productivity (Lerner et al., 2000) . The WLQ consists of 25 items and 4 dimensions: time demands (e.g., working the required hours; 5 items), physical demands (e.g., able to walk or move around work locations; 6 items), mental/interpersonal demands (e.g., think clearly when working; 9 items), and This study demonstrated that employees with highly morbid diabetes experience symptoms for which they are less likely to meet demands for quantity, quality, and timeliness of work; perform tasks that involve bodily strength, movement, endurance, coordination, and flexibility; and prioritize and manage a work schedule. Occupational health nurses can assist employees to assess job readiness, needed accommodations, and suitable jobs, as well as encourage self-management, resource use, and coping skills for managing ongoing and unexpected circumstances and mitigating work limitations. Occupational health nurses can also provide education, support, and resources for supervisors, coworkers, and administrative staff who support employees with diabetes.
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output demands (e.g., finish work on time; 5 items). Responses are recorded on five levels reflecting the amount of time the respondent has difficulty or is able to perform the specific demand. The questionnaire requires approximately 5 minutes to complete and is self-administered . The WLQ has well-established reliability and validity (Cronbach's alpha ranges from 0.88 to 0.92) (Lerner et al., 2002 Walker, Michaud, & Wolfe, 2005) .
The ACG methodology clinically determines the morbidity burden of populations based on disease patterns, age, and gender, relying on International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) diagnosis codes and National Drug Code (NDC) codes from administrative claims data (Weiner & Abrams, 2001) . Pertinent ACG variables used in this study were Resource Utilization Bands (RUBs), a concurrent measure of morbidity burden with score assignment based on a 1 to 5 categorization of morbidity burden (1 = healthy, 2 = low morbidity, 3 = moderate morbidity, 4 = high morbidity, and 5 = very high morbidity); Expanded Diagnostic Clusters (EDCs), which assign the more than 10,000 ICD-9 codes into 263 disease-oriented categories and 27 broad clinical categories; and Pharmacy Morbidity Groupings (RxMGs), which categorize NDC codes into 60 morbidity groupings based on individual drugs and route of administration (Weiner, Abrams, & Bodycombe, 2003) .
The ACG system was developed to assist state and federal agencies (i.e., Medicaid and Medicare) and health plans with risk adjustment and prediction of future health care resource utilization. ACGs are based on the premise that morbidity burden is correlated with the level of resources needed to deliver health care to a population. Therefore, reliability and validity studies focus on this relationship by measuring the model's ability to accurately predict outcome measures such as total costs, hospital inpatient admissions, hospital inpatient days, and, in some cases, mortality.
Values of R 2 in ACG performance studies that use the current year's data to predict current costs and/or utilization as the outcome variable vary between 0.21 and 0.64. R 2 varies between 0.07 and 0.23 when using the current year's data to predict future costs and/or utilization as the outcome (Cumming, Knutson, Cameron, & Derrick, 2002; Fishman et al., 2003; Juncosa, Bolibar, Roset, & Tomas, 1999; Liu et al., 2003; Perkins et al., 2004; Pietz, Ashton, McDonell, & Wray, 2004; Reid, MacWilliam, Verhulst, Roos, & Atkinson, 2001; Wahls, Barnett, & Rosenthal, 2004) .
ACG performance has also been evaluated using the c statistic, which considers specificity and sensitivity; a value of 0.5 is no better than chance alone. The c statistic values varied between 0.69 and 0.76 when predicting hospitalizations (Perkins et al., 2004; Petersen, Pietz, Woodard, & Byrne, 2005; Wahls et al., 2004) . Clinical outcomes have also been used to measure the performance of the ACG system, with the following reported c statistics: 0.72 for polypharmacy; 0.78 for prediction of chemotherapy and 0.72 for prediction of non-cancer death among patients with colon cancer; and 0.70 to 0.77 for mortality (Baldwin, Klabunde, Green, Barlow, & Wright, 2006; Halling, Fridh, & Ovhed, 2006; Petersen et al., 2005) .
Inclusion criteria for this study were age 18 years or older; enrolled in the employee health plan; employed by the academic health center within the health care institution or university; and a diagnosis of diabetes (inclusion of all individuals with a diabetes diagnosis, regardless of type or treatment), which was determined from a single claim within the administrative claims data using the ACG methodology EDC and RxMG categories.
Procedures
This study was approved by the Johns Hopkins University School of Medicine Institutional Review Board. To protect employees, the Institutional Review Board and the employer required that the survey be administered by the health plan; that employees not be told they had diabetes when administering the survey; that employment information (i.e., job type, salary, department) not be used; and that all identifiable information for employees physically remain within the health plan. Hence, respondents were asked to self-identify as having any one of a variety of chronic conditions as part of the survey.
The administrative health care claims data were processed through ACG methodology by the health plan to determine the eligible population. Employees were determined to have a diagnosis of diabetes if they had one or more claims with a diagnosis of diabetes during the past 7-year period. To determine the morbidity (RUB) score, a 1-year period prior to implementation of the WLQ survey (June 2008 to May 2009) was used to allow a complete claims history for calculation.
A power analysis determined that a sample size of 181 was necessary to detect a difference in the prevalence of work limitations of 22% (low morbidity) versus 43% (high morbidity) (Burton et al., 2004) .
The survey used a mixed-mode administration (online and postal mail). Studies of Internet surveys in university and health professional populations have found that mixed-mode methods produce higher response rates than solely online (Beebe, Locke, Barnes, Davern, & Anderson, 2007; Braithwaite, Emery, De, & Sutton, 2003; Lusk, Delclos, Burau, Drawhorn, & Aday, 2007; Schaefer & Dillman, 1998) . According to Dillman (2007) , mixedmode online and postal mail surveys minimize the measurement error among all types of mixed modes because they are consistently self-administered, communicated in written form, and respondent controlled in terms of delivery (Dillman, 2007) .
Each respondent consenting to the study and completing the survey received a free copy of "The Calorie King Fat & Carbohydrate Counter" and one free session with a health coach as an incentive.
The health plan managed survey administration according to the Institutional Review Board approval protocol. Initially selected for participation were 1,900 employees who met the criteria. Of these, 1,532 employees had a valid e-mail address and were sent a pre-survey invitational e-mail. Forty-six of the 1,532 employees re-quested to be removed from the sample; the remaining 1,486 were sent another e-mail containing the link to the survey. A reminder e-mail was sent after 2 days to those employees who had not yet completed the survey. Three hundred seventy employees completed the survey online. Two weeks after the initial e-mail with the survey link, the survey was sent via postal mail to those employees who had not yet responded to the e-mail (n = 1,116) and to the initial employees with invalid e-mail addresses (n = 368) with the option to complete the survey online or via postal mail. A total of 485 employees completed the survey (defined as at least one limitation scale score meeting the requirements for scoring), with 80% (n = 387) completing the survey online and 20% (n = 98) completing the survey via postal mail. Consent was obtained at the time of survey completion.
Data Collection and Analysis
Survey data were downloaded from PsychData into a SAS database. Paper survey responses were entered into the PsychData database prior to downloading. An unidentifiable link between the survey and the administrative data was created by the health plan. RUB results and descriptive information from health plan administrative data were merged with the survey data to complete the respondent data set. Data were analyzed using SAS, version 9.2.
Missing survey responses were handled according to the guidance provided by the developer of the WLQ. Scales were scored if half or more of the items were answered with valid, non-missing responses and missing scores were imputed using the average of the score for the answered items in that scale .
The independent variable of morbidity burden was measured using RUB, dichotomized into high (RUB scores of 4 and 5) and low (RUB scores of 0 to 3) morbidity burden categories. For outcomes measurement, each dependent variable, overall work, physical, time, mental/ interpersonal, and output limitations, was dichotomized into the presence (index score of greater than 0, meaning reported difficulty slightly to all of the time) or absence (index score of 0, meaning no reported difficulty) of its occurrence (Burton et al., 2004) . Logistic regression was used to determine the likelihood of having a work limitation for those with high morbidity compared to those with low morbidity.
RESULTS
The response rate for the survey was 26% (n = 485). However, in exploratory analysis of the WLQ data, it was discovered that 58% of respondents did not self-identify as having diabetes. A determination of strong (two diagnosis codes from claims or a prescription for diabetes medication) versus weak (one code for diabetes in administrative data) evidence was used to identify those who were most likely to have diabetes (Saydah et al., 2004) . Further analysis included only those with strong evidence for a diabetes diagnosis, with a resulting final sample size of 395. Table 1 presents the demographic and clinical characteristics of the final sample.
The majority of the respondents were female (83%). The average age was 50 years (SD = 9.7), and the average length of health plan enrollment was 7 years (SD = 2.7). Most respondents completed the survey online (81%) as opposed to postal mail, and most were hospital employees (77%).
Diabetes complications, as measured by administrative claims data using EDCs, included retinopathy, chronic renal failure, transplant, peripheral neuropathy, or chronic skin ulcer, with 19% (n = 74) identified as having one or more complications. Eighty-seven percent (n = 343) were identified as having had at least one of the following comorbid conditions: obesity, hypertension, hyperlipidemia, cardiac disorders, cerebrovascular disease, anxiety, depression, or substance abuse.
Seventy-two percent of respondents (n = 285) reported an overall work limitation; 55% (n = 218) a physical limitation; 53% (n = 211) a time limitation; 55% (n = 219) a mental/interpersonal limitation; and 43% (n = 170) an output limitation. The mean overall work limitations index score was 3.1 (SD = 4.1) ( Table 2) .
Further exploration of respondent characteristics and work limitations by gender revealed that females were younger than males (49 vs. 53 years, p < .01). When compared to males, females also had a lower prevalence of chronic renal failure (1% vs. 7%, p < .01), ischemic heart disease (6% vs. 17%, p < .01), substance use (1% vs. 4%, p < .05), and heart attack (1% vs. 4%, p < .05). Females had a higher prevalence of obesity (28% vs. 12%, p < .01). The prevalence of physical work limitations was higher among females (58% vs. 42%, p < .05), and females had a higher mean work limitations index (3.3 vs. 1.9, p < .05) and a higher mean mental/interpersonal limitations index (10.6 vs. 5.3, p < .01).
To test the hypothesis that those with a higher morbidity burden were more likely to have work limitations, a forward stepwise logistic regression model was initiated using the dependent dichotomous variable of limitation (yes/no) for each limitation category. Gender, employment setting, years in the health plan, and response type were entered into the model as confounders because each of these variables was found to significantly differ between having and not having a limitation in at least one of the limitation areas. The independent variable of interest, high versus low morbidity burden, was also entered into the model. Table 3 shows that after adjustment for gender, employment setting, response type, and years in the program, those with high morbidity were more likely to report an overall work limitation (odds ratio [OR] = 1.81; 95% confidence interval [CI] = 1.11-2.94), a physical limitation (OR = 2.27; 95% CI = 1.47-3.52), a time limitation (OR = 2.13; 95% CI = 1.39-3.26), and/or an output limitation (OR = 2.14; 95% CI = 1.39-3.28). A higher likelihood of mental/interpersonal limitations with high morbidity was not found in this study.
DiSCUSSiOn
This study is the first to examine work limitations in a population of employed individuals with diabetes at an academic health institution and relate those work limita- Cardiac valve disorders 12 (3) 9 (3) 3 (4) .49
Congestive heart failure 7 (2) 6 (2) 1 (1) .82
Substance use 6 (2) 3 (1) 3 (4) < .05
Acute myocardial infarction 6 (2) 3 (1) 3 (4) < .05
Cardiomyopathy 2 (0.5) 1 (0.5) 1 (1) .22
RUB distribution
Healthy users (1) 6 (2) 3 (1) 3 (4) c Low morbidity (2) 19 (5) 15 (5) 4 (6) c Moderate morbidity (3) 229 (58) 185 (57) 44 (64) c High morbidity (4) 92 (23) 85 (26) 7 (10) c Very high morbidity (5) 49 (12) 38 (12) 11 (16) tions to morbidity. This study illuminates the prevalence of work limitations in this population and the relationship of overall limitations and specific types of work limitations to morbidity burden. Potential complications and comorbidities provide evidence that employees with diabetes might experience limitations in their work role. Compared to employees without diabetes, those with the condition have a higher risk of cardiovascular disease, kidney disease, vision problems, neurological deficits, musculoskeletal problems, and mental health alterations (ADA, 2010; Grigsby, Anderson, Freedland, Clouse, & Lustman, 2002; Hordon, 2012; National Diabetes Information Clearinghouse, 2008; Vinik & Mehrabyan, 2004) . The symptoms of these types of manifestations, such as fatigue, dizziness, nausea, severe pain, vision disturbances, anxiety, depression, gastrointestinal disturbances, immobility, and loss of body and organ function, can be debilitating and lead to work limitations and eventual disability (ADA, 2010; Grigsby et al., 2002; Hordon, 2012; Lerner, Allaire, & Reisine, 2005; National Diabetes Information Clearinghouse, 2008; Vinik & Mehrabyan, 2004) .
This study achieved a 26% response rate, which is comparable to that achieved in other study administrations of the WLQ with similar incentives but lower than those offering direct cash incentives and raffle prizes (Burton et al., 2004; Ozminkowski, Goetzel, Chang, & Long, 2004) .
More than 70% of the respondents in this study reported having a physical, time, mental/interpersonal, and/ or output limitation. These limitations translate into difficulty performing job tasks involving bodily strength, movement, endurance, coordination, and flexibility; managing and prioritizing a work schedule; performing cognitive job tasks and teaming well with other employees; and/or producing that which is expected in the job. Based on the literature, when employees with diabetes are "sicker" or have higher levels of morbidity burden, they are more likely to experience these types of limitations (Lerner et al., 2001 (Lerner et al., , 2002 .
This study found differences in the prevalence of some comorbidities between males and females, and those females had a higher mean work limitations index score and a higher prevalence of physical limitations. These findings warrant further investigation.
LiMiTATiOnS
In this analysis, the researchers included only those 395 (81%) of the originally identified 485 cases with strong evidence for having diabetes (having two diagnosis codes from claims or a prescription for diabetes medication). That 19% of the originally identified cases did not have strong evidence of diabetes is likely due to the dynamic and incomplete nature of health care administrative data. Future research could involve qualitative interviews with those not identified as having strong evidence of diabetes to determine which were true non-cases of diabetes versus cases of diabetes with limited or missing administrative data documenting the presence of this disease. This information could further contribute to the refinement of protocols to identify workers with diabetes using administrative claims data.
This study achieved a response rate of 26%. Because the demographic data from non-responders were not accessible to the investigators, it is not known if there were significant differences in the characteristics of those who responded versus those who did not.
This study asked respondents to estimate their work limitations during the preceding 2 weeks related to their health condition. It is possible that unexpected events may have occurred during this 2-week period that could have affected responses to the work limitations questions, such as temporary disability, absence due to an acute unrelated condition, or temporary job expectation/role changes. This recall period has been validated as part of the WLQ tool; however, the period could possibly be too short for understanding overall limitation effects (Lerner et al., 2008) .
Some studies have also found seasonal differences in the reporting of absence and decreased productivity at work (Dansereau, Alutto, & Markham, 1978; Leonard & Dolan, 1990) . Should this hold true for work limitations, a longer recall period or multiple measurements over time may be necessary.
It is also not known whether factors other than having diabetes had an effect on work limitations. Job-related factors, such as job type, salary level, level of job satisfaction and engagement, hourly versus salaried, and level of automation of job functions, could further the understanding of work limitations. Organizational culture factors, such as policies around taking breaks, time off, and overtime, productivity expectations, competitiveness, level of autonomy, and methods of measuring job/company success, can also affect work limitations. Measurement of work limitations may also be more difficult in knowledge workers and team-oriented work units, both prevalent in this study population (Ozminkowski, Goetzel, & Crown, 2001) .
iMPLiCATiOnS
With the rise in prevalence of chronic illness and risk factors for chronic illness in the United States and the shortage of primary care physicians, nurses have the opportunity to play an important role in the clinical management of workers with chronic conditions and, in particular, diabetes (Boville et al., 2007; Chow et al., 2008; Daly, Kulkarni, & Boucher, 2001; Forbes & While, 2009; Ingersoll, Valente, & Roper, 2005; Laurant et al., 2005; Watts et al., 2009) . Nursing care for individuals with diabetes includes a comprehensive assessment; clinical diagnosis and treatment; annual screening tests; medications; relevant education; referrals to health care specialists; self-management promotion, symptom management, and coping skills; care plan development; strategies to prevent complications; and evaluation of progress (Boville et al., 2007; Morgan, Dunbar, Reddy, Coates, & Leahy, 2009; Watts et al., 2009) .
Nurses in many settings, including occupational health offices, work site and outpatient clinics, vocational rehabilitation, and providers' offices, can play important roles in the assessment of job readiness, needed accommodations, and suitable jobs for employees with diabetes. The ADA (2009) has taken the position that "any person with diabetes, whether insulin treated or non-insulin treated, should be eligible for any employment for which he or she is otherwise qualified" (p. S80). The ADA (2009) goes on to say that when employers legitimately raise questions about the safety and effectiveness of employees on the job, an assessment of the employees' abilities and potential job accommodations should be performed. Assessment of an individual's job readiness focuses on job-related requirements and the ability of the employee to meet these requirements and is not based on the diagnosis of diabetes or clinical outcomes. Nurses can include measurement of physical, time, mental/interpersonal, and output limitations as an additional way to assess individuals' ability to function within their job role.
Nurses can also work individually with employees with diabetes to increase their self-awareness of their job-related abilities; seek out suitable job roles; develop skills for managing diabetes at work; develop coping mechanisms for ongoing and unexpected circumstances; and use available resources so that they can prevent or mitigate work limitations (Detaille, Haafkens, Hoekstra, & van Dijk, 2006; Varekamp, Verbeek, & van Dijk, 2006; Varekamp et al., 2009 ).
In addition, nurses can educate and provide ongoing resources for supervisors, coworkers, and administrative staff who support employees with diabetes. Despite the legislation in the Americans with Disabilities Act and the evidence that most employees with diabetes can be easily accommodated at work, employees with diabetes are reportedly more likely to experience discharge from work, discipline, and suspension (McMahon, West, Mansouri, & Belongia, 2005) . Support and acceptance from managers and coworkers is linked to the success and continued employment of individuals with diabetes (Detaille, Haafkens, & van Dijk, 2003; Detaille et al., 2006) . Employees with diabetes need their coworkers and supervisors to support them with an appropriate workload, a flexible schedule, a relaxed workplace atmosphere, opportunities for diabetes management, open communication, a plan for sudden illness and inability to work, and treatment similar to an employee without diabetes (Detaille et al., 2006) . Supervisors who receive structured, diabetesspecific information understand the requirement to keep employee health information confidential; have greater knowledge about diabetes; are more confident in supervising someone with diabetes; have increased self-efficacy specifically regarding the Americans with Disabilities Act; and are able to appropriately respond to employees' questions about their health and how it relates to their job, any "special privileges," and/or any job accommodations (Wood & Jacobson, 2008) .
The results of this study also suggest that women with diabetes may need more focused support in dealing with work limitations, especially physical limitations.
SUMMARy
Preventing and reducing limitations among workers with chronic illness is an important step toward preventing the economic and personal effects of work loss and disability. This study demonstrated that workers with diabetes experience a high prevalence of work limitations and have a higher likelihood of work limitations when they are sicker. The national health reform agenda, calling for increased availability and quality of services for the chronically ill, provides an opportunity to address work limitations in chronic illness through existing and new clinical programs; government, state, and local policy; and employment policies, procedures, and practices. Nurses play an important role in managing the care of those with chronic illness and can have a significant impact in improving and maintaining the health status of employees with chronic illness, especially diabetes.
